Objectives-To evaluate possible influences of CCG and 2642 glutamic acid polymorphisms adjacent to the (CAG)n trinucleotide repeat in Huntington's disease gene IT15 on some clinical features (age and symptoms) at onset. Methods-84 patients and a control group of 68 unaVected relatives were studied. Patients all belonged to a group of affected persons tested for molecular confirmation of Huntington's disease. The length of the CAG repeat sequence in the IT15 gene and the adjacent CCG and 2642 polymorphisms were determined by quantitative polymerase chain reaction. Results-Two intragenic polymorphisms were studied: (CCG)n and 2642 glutamic acid. Patients were classified firstly according to the size of the CCG rich segment adjacent to the CAG repeat into genotype groups CCG 7/7, 7/8, 7/9, 7/10, and 10/10 and then according to 2642 polymorphism into genotype groups A/A (absence of the 2642 deletion), A/B, and B/B (presence of the 2642 deletion in respectively one and two alleles). The presence of 2642 mutation was associated with a significant decrease in age at onset, although there was no significant increase in CAG size. A good correlation was found between the (CAG) n trinucleotide repeat size and the age at onset in patients with genotype AA (r 2 =0.72). Within patients of the A/B genotype group however, a significant correlation was found but with a drop of the r 2 value to 0.44. No association was found between age at onset and the CCG polymorphism. Although an increased percentage of patients within the A/A genotype group had a neurological onset, we found no overall significant association between CCG or 2642 polymorphisms and the nature of symptoms at onset. Conclusions-The 2642 glutamic acid polymorphism did not aVect CAG repeat size nor the nature of symptoms at onset but seems to influence the age at onset in patients with Huntington's disease. (J Neurol Neurosurg Psychiatry 1998;64:758-762) 
Huntington's disease is an autosomal dominant neurodegenerative disorder aVecting about 1 in 10 000 people in European populations. It usually presents in adult life with chorea, psychiatric manifestations, and cognitive impairment, leading to progressive dementia. 1 2 This disorder nevertheless shows variation in age and in clinical features at onset. Onset symptoms are neurological, psychiatric/ cognitive, or combined (neurological and psychiatric/cognitive) in respectively 46% to 59%, 23% to 36%, and 18% to 30% of cases. 1 3-5 The gene responsible for Huntington's disease was mapped to the tip of the short arm of chromosome 4 in 1983. 6 The genetic defect associated with the disease was identified in 1993 in a novel gene (IT15) containing a trinucleotide repeat (CAG)n that is expanded in patients with Huntington's disease. 7 Whereas the number of CAG repeats in IT15 gene ranges from nine to 35 in healthy persons, it ranges from 36 to 121 in patients with Huntington's disease. 8 The expansion of the (CAG)n repeat thus proved to be a highly specific marker for the diagnosis of Huntington's disease. 9 After cloning of the Huntington's disease mutation, two genetic polymorphisms were identified close to the CAG tract. The first one was a CCG rich segment downstream to the (CAG)n stretch and the second one was the 2642 glutamic acid polymorphism concerning a deletion of three nucleotides at codon positions 2642-2645. [10] [11] [12] [13] [14] [15] Both presented polymorphic frequencies on normal and aVected chromosomes. Moreover, both were independently associated with diVerences in CAG repeat length on normal chromosomes, as shown by haplotype analysis. In these studies, a strong linkage disequilibrium was found between the Huntington's disease mutation and alleles at both polymorphic regions: CCG rich length alleles were underrepresented whereas 2642 was overrepresented in Huntington's disease chromosomes.
Numerous attempts to determine correlations between the Huntington's disease repeat length and clinical features have been undertaken. A strong negative correlation (r=−0.70) between age at onset and CAG repeat size was reported overall, the number of CAG repeats in Huntington's disease chromosomes accounting for 50% of the variation of age at onset. 9 16-19 This correlation could be even stronger as shown recently by Brinkman et al. 20 As for symptoms at onset, no particular clinical feature correlated with the CAG repeat size. 5 19 21 22 As the variation in age at onset is partially explained by the trinucleotide repeat length, it seemed logical to investigate whether adjacent polymorphisms (for example, the CCG rich segment and 2642 mutation) also account in part for the clinical heterogeneity of the disease. We therefore examined in 84 independent patients with Huntington's disease the correlation between the age and the nature of symptoms at onset with the CAG repeat size or with any of the genotypes determined by either CCG or 2642 polymorphisms.
Patients and methods

PATIENTS
Eighty four independent patients with Huntington's disease for whom clinical data were obtained after examination by a member of our neurological department were studied. A control group including 68 unaVected relatives was also assessed. All of these patients gave their informed consent and no one under 18 was sampled unless already aVected. Samples from at risk subjects were not examined. Information on age at onset, demographic data, family history, and the nature of symptoms at onset based on the appearance of either neurological, psychiatric, or cognitive symptoms, or even combined symptoms within the first year of onset was obtained from clinical records. Each medical report was screened through a questionnaire recording a list of clinical features at onset. Neurological features included chorea, involuntary movements, clumsiness, dysarthria, unsteadiness, trouble in walking, hypokinesia, rigidity, and epilepsy. Psychiatric features included behavioural abnormalities, depressive or manic symptoms, and other psychotic features. As for cognitive features, memory loss and intellectual impairment were present. Presence or absence of each of these symptoms within the first year of onset was noted for each patient. All clinical assessments were made independently of any information on DNA analysis. Two patients were excluded from the clinical correlation study, due to incomplete clinical data.
DNA ANALYSIS
The length of the CAG trinucleotide repeat was determined from genomic DNA using the polymerase chain reaction (PCR) as originally described 6 with primers HD1 and HD2, except that amplified products were separated on 5% denaturing polyacrylamide gels and visualised by silver staining. The PCR products containing the repeated trinucleotide were sized by comparison with sequenced cosmids L191F1 and GUS 72-2130. A reliable sizing of CAG repeats was performed with primers HD1 and HD3 just flanking the CAG repeat as described by Warner et al. 23 The adjacent CCG repeat track was measured using HD419 and HD482 primers with similar conditions as those described by Andrew et al. 11 The 2642 glutamic acid polymorphism was detected using previously published methods. 24 The phase of this polymorphism was not determined. Hence genotypes of controls and patients with Huntington's disease were based either on the CCG or the 2642 polymorphisms. Statistical analysis included the usual paired Student's t test for comparing means of repeat length and of age at onset data.
Comparison of genotypes and clinical features were performed using a 2 test or Yates' corrected 2 test when necessary.
Results
DISTRIBUTION OF GENOTYPES DETERMINED BY THE CCG OR THE 2642 POLYMORPHISMS
The CCG segment of seven repeats was overrepresented in Huntington's disease chromosomes (up to 95% v 60.3% in normal chromosomes). The unbalanced distribution or linkage disequilibrium between CCG rich segments and the Huntington's disease mutation was highly significant (data not shown). Genotype assessment in controls and patients led to five diVerent groups (table1) according to the number of CCG repeats. The distribution of those genotype groups (CCG 7/7, 7/8, 7/9, 7/10, and 10/10) showed a significant diVerence among patients and controls (p<0.005). Genotype CCG 7/7 was present in 60.7% of patients with Huntington's disease whereas only in 27.9% of controls. On the other hand, genotype 7/10 was more frequent in controls (54,4%) than in patients (33.3%). Genotype frequency for the 2642 glutamic acid polymorphism was also assessed on controls and patients. Two diVerent genotype groups were identified: group A/A characterised by the absence of the deletion, group A/B and B/B determined by the presence of the deletion on respectively one and two alleles. The distribution was significantly diVerent between patients and controls (p<0.001). Absence of the 2642 residue (genotype A/B) was found in 16.2% of controls leading to an allele frequency of 8% considering that no homozygote (genotype B/B) was found for this deletion. However, the 2642 glutamic acid polymorphism was overrepresented among patients with Huntington's disease, being present in 45.2% of our Huntington's disease cohort. In this group, we found four patients homozygous for the deletion, therefore calculating a frequency of 25.0% for the B allele in patients with Huntington's disease. (table 2) . In this case, the diVerence in mean age at onset was significant (p<0.05). In these two genotype groups, log of age at onset correlated significantly with the CAG stretch (r=−0.848 and r=−0.664 in the A/A and in the A/B+B/B genotype group respectively). However, there was no significant diVerence between the size of the CAG repeat in these same two genotype groups, suggesting that the diVerences in mean age at onset could be explained by an indirect influence of 2642 mutation. The diVerence in age at onset between the A/A and A/B+B/B genotype groups cannot be simply explained by an apparent bias in the distribution of large CAG repeat expansions. In fact, we found a similar distribution of patients with a CAG repeat expansion larger than 50 CAG repeats between the two groups (13.5% v 20%, 2 =0.98, p=0.45, data not shown). Moreover, the contribution of the CAG repeat length in the variation of age at onset did not exceed 44% (r 2 =0.44) in patients carrying the 2642 mutation whereas it reached 72% in patients not carrying the deletion (r 2 =0.72). On the other hand, the contribution of the CAG repeat size in the variation of age at onset was similar among the two genotype groups CCG 7/7 and CCG 7/X (X containing either 8, 9, or 10 CCG repeats) determined by the CCG polymorphism. The inverse correlation between CAG size and age at onset was significant with an r 2 =0.55 for patients in genotype group CCG 7/7 and an r 2 =0.57 for patients in genotype group CCG 7/X underlining the absence of any apparent eVect of the CCG polymorphism on the correlation between CAG size and age at onset.
RELATION BETWEEN PATIENT GENOTYPE (CCG OR 2642 POLYMORPHISMS) AND THE NATURE OF SYMPTOMS AT ONSET
An assessment was made of the relation between the (CAG)n expansion length and the presentation of clinical features within the first year after onset. The cohort was therefore divided into those who either had neurological symptoms, psychiatric or cognitive manifestations, and into those who had combined symptoms (neurological and psychiatric, or neurological and cognitive, or cognitive and psychiatric symptoms). There was no association between the CAG repeat length and a particular clinical presentation at onset (data not shown).
The influence of either the CCG or the 2642 glutamic acid polymorphism on the nature of symptoms at onset was also examined. There was no overall statistical relation (p>0.05) between the clinical presentation at onset and the diVerent genotypes determined by the CCG rich segment on the one hand, and the 2642 glutamic acid polymorphism on the other hand (table 3) . Nevertheless, it was noteworthy that 46.7% of patients with genotype A/A versus 29.7% of patients with genotype A/B or B/B had a neurological onset with no other associated symptom. The distribution of genotypes including the various CCG polymorphisms was similar among patients presenting either psychiatric, cognitive, or combined symptoms.
Discussion
Analysis of the distribution of genotypes determined by the CCG or 2642 polymorphisms in our cohort of 84 patients with Huntington's disease and 68 controls is similar to previous published data. Thus despite the impossibility of assessing the phase of the 2642 polymorphism in our set of patients, the genotype frequency for this polymorphism shows similar deduced allele frequencies in the Huntington's disease gene to those values reported by Almqvist et al, 15 assuming the fact that a strong disequilibrium exists between 2642 and the Huntington's disease mutation. Regarding the CCG rich segment distribution, our results confirmed what was previously published by other investigators, 9 15 showing that expanded (CAG) n repeats are preferentially associated with a CCG repeat of seven (96% of patients have a CCG of seven repeats on their aVected chromosome, data not shown). This polymorphism was shown to be moderate with the number of repeats varying mostly between seven and 10. Huntington's disease is characterised by a diversity in age at onset as well as in clinical features at onset. The mean age at onset in our set of patients matched what has been published in larger studies. 8 17 18 Sixty two per cent of our patients were monosymptomatic within the first year after onset (with either neurological, psychiatric, or cognitive features). Our data showed that 38% of symptoms at onset were neurological, 25% were psychiatric/cognitive, and 37% were combined symptoms. The reported data show a slightly higher proportion of combined symptoms compared with previous publications (18 to 30%). 1 3 5 Variations in the percentage of onset symptoms were reported among these diVerent studies, reflecting various diYculties in the determination of a precise onset. Firstly, we examined the potential determinism of genetic factors on age at onset. There was a significant diVerence (p<0.05) in the distribution of ages at onset among patients bearing or not bearing the B allele. The presence of the 2642 mutation was associated with a significant decrease in the age at onset, although there was no significant increase in the CAG repeat size. Our results match in part what was found by Lucotte et al, 25 contradicting results reported by Novelletto et al. 13 The overall statistical negative correlation of age at onset with the CAG repeat length was verified in our cohort. Nevertheless, the CAG repeat expansion on the Huntington's disease chromosome is not the only factor to influence the function of the Huntington's disease gene, accounting for 56% of the variation in age at onset of the whole cohort. For patients presenting the 2642 polymorphism, the CAG repeat length only contributed to 44% of the variation in age at onset versus 72% of this variation for patients carrying the A/A genotype. This increase in the value of r 2 in genotype A/A cannot be explained by a higher proportion of juvenile cases, as was previously suggested in a group of patients aVected with the juvenile form of the disease. 26 There were actually fewer juvenile patients in this group than in the A/B and B/B groups (two patients in the A/A group versus six patients in the A/B+B/B group). Therefore, presence of the 2642 polymorphism might explain the reduced contribution of the CAG repeat length to age at onset in patients with the A/B or B/B genotype (r 2 =0.44) compared with patients bearing the A/A genotype (r 2 =0.72). Our results show that the 2642 polymorphism may play a part in the determinism in the onset of the disease, which is further supported by the fact that this deletion is enriched in patients with Huntington's disease. This finding suggests that the function of the Huntington's disease gene is influenced not only by the CAG repeat expansion on the Huntington's disease chromosome but also by possible cis-acting specific elements. As the expansion of CAG repeat length is the major factor for the reduction in age at onset, presence of the 2642 mutation may add to the severity of the disease, carriers of this mutation tending to develop the disease earlier. This finding agrees with the opinion that age at onset of Huntington's disease may depend on diVerent factors including the influence of the normal allele 17 27 and nonallelic modifying genes. 28 Genetic components such as genetic imprinting 29 and aging genes 30 could be evoked. Other factors including environmental factors may also play a part in the genesis of the aVected phenotype. No correlation was found between nature of symptoms at onset and (CAG)n trinucleotide expansion, concurring with results of other studies. 5 19 21 22 No significant association was found between a specific type of symptom at onset (neurological, psychiatric, or cognitive) and the genetic polymorphisms. However, strikingly, a larger number of patients (46.7%) with genotype A/A than those with genotype A/B or B/B (29.7%) had neurological features without any psychiatric or cognitive symptoms at onset. This diVerence was not significant but could indicate a tendency towards a possible association between the presence of genotype A/A and the predominance of neurological features at onset. Genetic variants acting cis or trans to the expanded CAG repeat could then influence the phenotypic presentation. The assessment of the 2642 polymorphisms disclosed the potential indirect influence of this genetic polymorphism in the onset of the disease. Whether or not this polymorphism may represent an independent predictor of the age at onset would need further studies of the respective contribution of normal and expanded alleles (deleted or not), on the phenotype; requiring haplotype studies. It could also be relevant to analyse the influence of the genetic polymorphisms on the mode of progression of the disease, as was already reported for the influence on the age at onset. [31] [32] [33] This genotypic study of patients based on the 2642 and CCG-rich segment analysis may contribute to our understanding of the genotype-phenotype relations in Huntington's disease.
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